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RESEARCH:  A  FUNCTION  OF  THE  COLLEGE 


The  findings  described  in  this  bulletin  comprise  a  part  of  a 
large  program  of  research  carried  on  in  many  fields  as  one  of  the 
primary  functions  of  The  Pennsylvania  State  College. 

The  foundations  of  The  Pennsylvania  State  College  are  the 
Morrill  Land-Grant  Act  of  Congress  signed  by  Lincoln  in  1862 
and  the  1863  act  of  the  Pennsylvania  Legislature  implementing  the 
federal  legislation  and  designating  this  institution  as  the  instru¬ 
ment  of  the  Commonwealth  in  carrying  out  the  terms  of  the  fed¬ 
eral  act. 

The  spirit  of  research  which  permeates  the  College  is  in  keep¬ 
ing  with  the  purposes  of  the  Land-Grant  Act  in  bringing  the  meth¬ 
ods  and  procedures  of  modern  science  into  relation  with  the  agri¬ 
cultural  and  industrial  pursuits  of  the  nation. 

At  the  present  time  more  than  600  active  projects  are  being  car¬ 
ried  on,  representing  work  being  done  in  all  the  Schools  and  near¬ 
ly  all  the  departments  of  the  institution. 

The  results  of  research  are  reported  in  bulletins  (many  of  which 
are  obtainable  free  on  request)  published  by  the  agricultural,  en¬ 
gineering,  and  mineral  industries  experiment  stations,  and  in 
numerous  contributions  to  scientific  and  professional  journals. 
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SUSQUEHANNA 
RIVER  VALLEY 
IMPROVEMENTS 

L  Introduction 


Pennsylvania  among  the  States  of  the  Union  is  blessed  with  an  ample 
rainfall,  (44  inches).  The  Frontispiece  showing  HIGHWATFR  MARKS 
testifies  to  the  fact  that  this  rainfall  is  not  an  unmixed  blessing.  In  Pennsyl¬ 
vania  sometimes  a  little  more  than  50  per  cent  of  this  rainfall,  sometimes  a 
little  less  than  50  per  cent,  appears  as  run-off  in  the  three  large  rivers:  the 
Ohio,  the  Delaware,  and  the  Susquehanna.  It  is  with  the  run-off  of  the  Sus¬ 
quehanna  that  this  bulletin  is  primarily  concerned.  In  normal  years  the 
Susquehanna  can  comfortably  handle  all  the  run-off,  and  the  people  of  Penn¬ 
sylvania  are  scarcely  conscious  of  the  river’s  performance.  But  every  once  in 
a  while,  as  in  July  1935,  March  1936,  July  1942,  and  May  1946,  the  river  sys¬ 
tem  finds  itself  overloaded  and  disastrous  floods  result.  Then  the  public  is 
aroused,  meetings  are  held,  old  reports  brought  out,  and  new  reports  are 
written.  Before  much  is  done  the  river  subsides,  the  damage  is  repaired,  and 
the  demand  for  action  tapers  off.  However,  some  things  have  been  accomplish¬ 
ed,  notably  for  the  flood  protection  of  Pittsburgh.  A  brief  summary  of  the 
status  of  the  Flood  Protection  of  Pittsburgh  is  given  in  Appendix  I. 

The  question  as  to  whose  responsibility  it  is  for  getting  flood  control 
plans  carried  out  always  comes  up.  Prior  to  1917  matters  of  flood  control 
were  considered  a  local  responsibility,  and  the  costs  were  assessed  upon  the 
immediate  beneficiaries.  The  outstanding  example  of  a  successful  local  solu¬ 
tion  of  a  flood  control  problem  is  the  Miami  Conservancy  District,  Dayton, 
Ohio.*  Between  1917  and  1936  our  political  thinking  underwent  a  change, 
and  now  much  of  the  responsibility  for  flood  control,  both  as  to  planning 
and  financing,  has  been  assumed  by  the  Federal  Government.  For  example, 
the  U.  S.  National  Waterways  Commission  in  its  1910  Report  states  “.  .  . 
flood  protection  .  .  .  (is)  not  a  proper  charge  on  the  Federal  Treasury  .  .  .” 
Contrast  this  concept  with  the  present-day  concept  as  stated  on  page  4  of  the 
Annual  Report  of  the  U.  S.  Army  Engineers  for  1945  by  the  Chief  of  Engi¬ 
neers:  “Congress  in  the  Flood  Control  Act  approved  June  22,  1936,  estab- 

*  The  Story  of  the  Miami  Conservancy  District,  1945  Edition,  published  b\  I  lie  Miami  (  «»n- 
servancy  District,  Dayton,  Ohio. 
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lishcd,  and  in  the  amendatory  and  supplemental  general  Flood  Control  Acts 
approved  August  28,  1987,  June  28,  1938,  August  11,  1939,  August  18,  1941, 
and  December  2,  1944,  reaffirmed  the  general  policy  that  flood  control  is  a 
proper  activity  of  the  Federal  Government  in  cooperation  with  the  States  and 
local  communities,  and  that  the  Federal  Government  should  improve  or  parti¬ 
cipate  in  the  improvement  of  navigable  waters  or  their  tributaries  for  flood 
control  purposes,  if  such  projects  are  economically  justified,  and  if  the  lives 
and  social  security  of  people  are  otherwise  adversely  affected.” 

In  line  with  this  development  of  political  thinking  and  in  accordance 
with  the  directives  of  the  various  acts  of  Congress,  the  U.  S.  Army  prepared 
first  House  Document  308,  69th  Congress,  first  session,  January  1927,  “Esti¬ 
mate  of  Cost  of  Examination  of  Streams  where  Pow’er  Development  Appears 
Feasible.”  Later  the  U.  S.  Army  Engineers  prepared  House  Document  702, 
77th  Congress,  second  session,  April  1942.  This  second  document  was  entitled 
“The  Susquehanna  River  and  Its  Tributaries,”  and  it  is  an  authoritative 
study  of  the  utmost  importance  to  the  welfare  of  the  Commonwealth  of  Penn¬ 
sylvania. 

J 

Two  hundred  sites,  where  it  appeared  that  projects  might  be  justified 
for  Hood  control,  were  studied.  Quoting  from  page  41  of  this  document: 
“Many  sites  were  rejected  when  preliminary  investigation  showed  that  they 
could  not  be  economically  justified.  At  some  of  the  sites,  geological  features 
require  costly  structures.  Many  tributary  valleys  are  filled  with  materials  un¬ 
suitable  for  foundations,  and  bedrock  formations  do  not  exist  at  reasonable 
depths.  The  slopes  of  many  streams  are  steep,  and  high  dams  would  be  re¬ 
quired  to  develop  sufficient  capacity.  Feasible  dam  and  reservoir  areas  are 
highly  developed  with  railroads,  highways,  and  communities.”  As  a  result  of 
this  preliminary  study,  the  sites  were  reduced  from  200  to  29  for  which  in¬ 
tensive  studies  were  made. 

Based  solely  on  Flood  Contiol  benefits,  only  one  of  these  29  sites  (not 
in  conflict  with  the  three  major  projects  at  Westport,  West  Pittston,  and 
Rays  town,  shortly  to  be  described)  turned  out  to  have  a  ratio  of  annual 
benefits  to  annual  charges  greater  than  one;  in  this  case,  1.16.  For  more  spe¬ 
cific  explanation  of  this  very  important  ratio,  certain  portions  of  Document 
702  have  been  reprinted  in  Appendix  III.  This  single  site  is  situated  about 
two  miles  above  Forest  City  and  was  to  have  been  called  the  Stillwater  Reser¬ 
voir.  Since  Document  702  was  published,  important  flood  data  pertaining 
to  this  area  became  available.  If  this  project  upon  restudy  proves  economical¬ 
ly  unjustifiable,  then  the  conclusion  must  be  that  none  of  the  29  sites  is  eco¬ 
nomically  justified  on  a  purely  flood-control  basis. 

When  electric  power  generation  was  combined  with  flood  control,  it 
^\as  found  that  the  annual  income  through  the  sale  of  power,  plus  the  pre¬ 
vention  of  flood  losses,  was  greater  than  the  annual  cost  of  these  improvements 
in  the  case  of  three  sites.  These  projects  are  located  near  Westport  on  the 
West  Branch  of  the  Susquehanna,  near  West  Pittston  on  the  North  Branch 
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FIGURE  1  THE  SUSQUEHANNA  RIVER  BASIN 


of  the  Susquehanna,  and  near  Huntingdon  on  the  Raystown  Branch  of  the 
Juniata.  T  hese  projects  have  ratios  of  annual  benefits  to  annual  costs  of 
1.64,  1.60,  and  1.28,  respectively.  These  three  projects  represent  the  great 
central  core  of  the  plan  for  river  improvement  and  as  such  overshadow  the 
many  local  projects,  important  as  they  are;  for  example,  at  Williamsport. 
Binghamton,  York,  and  elsewhere.  This  bulletin  will,  therefore,  concentrate 
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H  :  Holtwooo  —112,000 

SM-  Safe  Hac<BO^  —  230  ,000  l^\V 


FIGURE  2  FROFILES  OF  TFIE  SUSQUEHANNA  RIVER  AND  ITS  PRINCIPAL  BRANCHES 


TABLE  I— DA  TA  ON  POWER  RESERVOIRS 
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its  discussion  on  Westport,  West  Pittston,  and  Raystown;  will  describe  these 
dams  and  reservoirs;  and  will  point  out  the  main  economic  advantages  of  the 
completed  projects. 

A  large  part  of  the  essential  data  relating  to  these  projects  is  contained 
in  Tabic  I.  In  reading  this  table  different  aspects  will  appeal  to  different  peo¬ 
ple;  some  will  note  that  the  annual  benefits  for  the  three  projects  will  exceed 
the  annual  costs  by  $7,956,200;  others  will  note  that  average  annual  flood 
damage  to  the  extent  of  SI, 074, 000  will  be  prevented;  others  will  note  that 
Pennsylvania  will  acquire  three  large  and  beautiful  new  lakes,  18,  49,  and 
75  square  miles  in  area;  others  will  approve  the  prospect  of  adding  692,900 
kilowatts  of  electric  generating  plant  to  our  power  hungry  United  States; 
others  will  be  adversely  affected  by  the  costs;  and  others  will  challenge  the 
accuracy  of  some  of  the  figures. 

In  addition  to  Table  I,  these  three  projects  have  been  marked  on  the 
map  of  Figure  1  by  circles  at  Points  1,  2,  and  3.  In  Figure  2,  the  three  pro¬ 
jects  have  been  located  on  The  River  Profile.  The  Juniata  branches  off 
fiom  the  Susquehanna  at  Clark's  Ferry  Bridge.  The  existing  plants  at  Cono- 
v/ingo,  Holtwood,  and  Safe  Harbor  are  shown  at  C,  H,  and  SH.  The  eleva¬ 
tions  of  the  dams  and  the  extent  of  the  reservoirs  up  stream  are  both  shown 
to  scale.  Similarly  Raystown  is  shown  to  scale;  the  dam  will  be  240  feet  high. 
The  dotted  upper  layer  represents  the  portion  of  the  pond  set  aside  for  flood 
control.  The  West  and  North  Branches  divide  at  Sunbury.  The  Westport 
Dam  on  the  West  Branch  is  360  feet  high;  the  dotted  area  represents  the  por¬ 
tion  of  the  pond  set  aside  for  flood  control;  the  broken  line  represents  the 
average  power  head.  The  West  Pittston  project  contemplates  no  flood  con¬ 
trol  and  is  solely  a  power  project. 


In  House  Document  702,  the  chief  source  of  information  for  this  bul¬ 
letin,  an  extensive  record  of  flood  losses  will  be  found.  Extracts  from  this 
Document  are  quoted  in  order  to  give  an  idea  of  the  importance  of  these 
losses. 

“Floods  have  caused  considerable  damage  to  property  and  improve¬ 
ments  throughout  the  Susquehanna  River  Basin.  Those  of  most  recent  oc¬ 
currence  include  the  July  flood  of  1935,  which  caused  direct  losses  estimated 
at  $17,000,000  and  total  losses  estimated  at  $33,000,000  in  the  upper  watershed 
of  the  North  Branch,  and  one  in  March  of  1936  which  was  destructive  through¬ 
out  the  entire  basin  and  resulted  in  direct  losses  of  $53,000,000  and  total 
losses  of  $67,000,000.  Approximately  45,000  acres  of  farm  land  were  inundat- 
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ed  by  the  1935  flood;  10,000  buildings  were  damaged  or  destroyed;  heavy  in¬ 
dustrial  losses  occurred  at  Hornell,  Binghamton,  Bath,  Painted  Post,  and 
Corning;  highways  and  railroads  were  washed  out,  and  32  lives  were  lost.  For 
the  1936  flood  the  damage  was  largely  along  the  Main  stem  and  the  principal 
tributaries.  Large  portions  of  Binghamton,  Carbondale,  Olyphant,  Wilkes- 
Barre,  Kingston,  Plymouth,  Williamsport,  Lewistown,  Sunbury,  Harrisburg, 
Steelton,  and  many  small  communities  were  inundated.  The  total  number  of 
buildings  damaged  exceeded  35,000.  Anthracite  mines  in  the  vicinity  of 
Wilkes-Barre  and  Scranton  were  flooded,  transportation  routes  were  seriously 
crippled  by  inundation  and  wash-outs,  and  utility  service  was  affected  in  many 
communities.  These  losses  do  not  include  extensive  intangible  losses,  such  as 
threat  to  human  life,  retardation  of  normal  development,  exodus  of  indus¬ 
tries  and  people  from  the  flooded  area,  and  detrimental  effect  on  social  se¬ 
curity  of  inhabitants.” 


TABLE  II.  1936  FLOOD  LOSSES  BY  PRINCIPAL  DAMAGE  CENTERS 


DAMAGE  CENTER 

DIR. LOSS 

IN  DIR.  I. OSS 

TOTAL  LOSS 

THOUSANDS  OF 

DOLLARS 

NORTH  BRANCH 

Towanda 

18.4 

11.6 

30.0 

West  Pittston 

1.7 

86.7 

88.4 

Carbondale 

84.0 

11.4 

95.4 

Olyphant 

60.6 

21.7 

82.3 

Scranton 

205.2 

58.4 

263.6 

Sweyersville  and  Forty  Fort 

352.0 

65.2 

417.2 

Kingston  and  Edwardsville 

3,412.6 

513.7 

3,926.3 

Wilkes-Barre  and  Hanover  Tsp. 

3,175.0 

609.8 

3,784.8 

Plymouth 

1,060.0 

260.5 

1,320.5 

Nanticoke 

12.1 

35.7 

47.8 

Shickshinny 

182.3 

29.5 

211.8 

Bloomsburg 

85.5 

29.9 

115.4 

Danville 

344.2 

61.1 

405.3 

JUNIATA  RIVER 

Everett 

403.5 

66.5 

470.0 

Tyrone 

1,412.2 

198.5 

1,610.7 

Huntingdon 

81.9 

29.9 

111.8 

Smithfield  Township 

167.2 

9.2 

176.4 

Mount  Union 

181.1 

5  1.0 

235. 1 

Lewistown 

2,757.4 

1,243.1 

4,000.5 

Mifflin 

265.5 

22.6 

288.1 

Newport 

450.2 

27.3 

477.5 
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WEST  BRANCH 


Clearfield 

852.5 

81.6 

934.1 

Renovo 

515.0 

31.3 

546.3 

South  Renovo 

24.3 

2 

24.5 

Lock  Haven 

3,033.5 

531.9 

3,565.4 

Jersey  Shore 

758.1 

54.8 

812.9 

Williamsport 

8,188.0 

2,406.8 

10,594.8 

South  Williamsport 

299.4 

36.7 

336.7 

Muncy 

310.0 

61.8 

371.8 

Montgomery 

219.2 

25.6 

244.8 

Milton 

1,659.3 

251.3 

1,910.6 

Lewisburg 

401.3 

42.9 

444.2 

MAIN  SUSQUEHANNA  RIVER 
Sunbury 

3,008.0 

100.0 

3,108.0 

Selinsgrove 

290.7 

13.8 

304.5 

Duncannon 

109.5 

20.9 

130.4 

Harrisburg 

3,149.2 

583.9 

3,733.1 

New  Cumberland 

152.6 

27.9 

180.5 

Steelton 

821.6 

112.2 

933.1 

Middletown  8c  Rovalton 

147.4 

61.4 

208.8 

Marietta 

57.2 

29.9 

87.1 

Copy  of  Table  6,  Page  26,  House  Document  702 


And  finally  a  quotation  from  page  10  of  House  Document  702,  “The 
division  engineer  finds  that  there  is  an  urgent  need  for  flood  control  in  the 
Susquehanna  River  Basin.  The  existing  authorized  project,  when  completed, 
will  materially  reduce  the  threat  to  life  and  property,  and  increase  the  social 
security  of  the  inhabitants  of  the  valley.  In  the  light  of  the  unprecedented 
flood  of  March  1936,  he  finds  that  certain  modifications  and  additions  to  the 
existing  projects  are  warranted  and  justified  at  this  time.  He  recommends  the 
adoption  of  three  additional  reservoirs  and  one  local  protection  project  and 
the  enlargement  of  the  existing  local  protection  at  two  localities.  The  total 
estimated  cost  to  the  United  States  of  the  recommended  work  is  $12,700,000. 
He  further  recommends  the  abandonment  of  eight  local  protection  projects 
authorized  by  the  1936  Flood  Control  Act.  He  also  finds  that  flood-control 
storage  can  be  justified  in  large  multiple  purpose  reservoirs  on  the  West 
Branch  and  Juniata  Rivers,  and  recommends  that  the  justified  flood-control 
storage  be  provided  when  these  reservoirs  are  constructed  for  power.  The 
estimated  cost  of  flood  control  in  these  multiple  purpose  projects  is  $18,800,- 
000,  which  represents  about  20%  of  the  total  cost.” 

The  preceding  quotation  represents  a  syllabus  or  summary  of  the  di¬ 
vision  engineer’s  conclusions  as  of  May  1941.  It  should  be  borne  in  mind  that, 
as  new  studies  are  made  and  new  data  become  available,  modifications  of 
plans  and  of  recommendations  will  be  made. 
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III.  M  aim  Economic  Advantages 
of  P  roposed  Improvements 

The  Army  Engineers  have  made  extensive  studies  of  remedial  plans 
for  improving  the  Susquehanna  River.  Their  plans  fall  into  three  categories, 
(a)  Approved,  (b)  Recommended,  and  (c)  Investigated,  but  not  as  \et 
recommended.  Their  recommendations  as  to  prior  proposed  projects  also  fall 
into  three  categories,  (a)  Recommendations  to  continue  work  along  the  lines 
of  earlier  plans,  (b)  Recommendations  for  alterations  of  plans,  and  (c)  Rec¬ 
ommendations  to  discontinue.  House  Document  702  gives  the  status  of  these 
recommendations  as  of  late  1941.  Since  that  date  many  additional  studies 
have  been  made  by  the  Department  of  the  Army,  Corps  of  Engineers,  Balti¬ 
more  District,  and  as  a  result  of  these  studies  further  recommendations  will 
undoubtedly  be  made. 

It  is  the  purpose  of  this  bulletin  to  focus  attention  on  the  three  major 
hydroelectric  installations,  two  of  which  have  been  recommended  by  the  Army 
Engineers.  These  three  projects  are  described  in  Table  I.  If  we  assume  that 
all  three  projects  instead  of  two  were  approved  and  now  built,  we  would  have 
total  annual  benefits,  as  more  particularly  described  in  the  conclusions,  of 
$2 1,528, 600  for  a  total  annual  cost  of  $13,572,400,  an  over-all  ratio  of  1.585. 
This  represents  an  annual  public  saving  of  about  eight  million  dollars.  The 
construction  cost  at  site  of  these  three  projects  is  212  million  dollars.  Although 
these  dollar  values  will  be  much  greater  in  1948,  the  RATIO,  1.585,  will  not 
change  much.  These  figures  as  to  annual  benefits  are  predicated  on  the  as¬ 
sumption  that  “Electric  Power  Will  Pay  The  Bill.”  This  assumption  will  be 
examined  in  more  detail  later. 

Let  us  now  examine  some  of  the  flood  control  benefits.  First  consider 
the  Raystown  project.  It  will  hold  back  flood  waters  in  such  a  way  that  Hunt¬ 
ingdon,  Lewistown,  and  towns  lower  down  the  river  will  be  bencfitted  by 
$210,000  a  year  (Table  22,  House  Document  702).  Similarly  the  Westport 
project  will  hold  back  flood  waters  enough  to  create  annual  benefits  of  $863,- 
900  for  Lock  Haven,  Williamsport,  and  towns  lower  down  the  river.  The 
third  project  at  West  Pittston,  as  yet  not  recommended  by  the  Army  Engi¬ 
neers,  does  not  function  as  a  flood  control  project  but  purely  as  a  power  gen¬ 
eration  project.  As  such  the  third  member  of  the  team  could  help  to  pay 
the  bill  through  the  sale  of  electric  power.  In  fact,  if  the  Army  Engineers 
would  combine  West  Pittston,  exclusively  power,  with  certain  selected  ex¬ 
clusively  flood  control  reservoirs  on  the  North  Branch,  the  combination  would 
show  a  ratio  of  benefits  to  charges  of  better  than  one.  The  author’s  sugges¬ 
tion  is  that  for  any  given  river  system,  considered  as  a  whole,  one  coidd  justi¬ 
fiably  combine  improvements  whose  estimated  costs  exceeded  local  benefits 
with  other  projects  on  the  same  river  whose  benefits  exceeded  estimated  costs 
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and  thus  get  an  over-all  project  which  is  economically  justified.  Phrased  in 
local  terms,  it  would  be  reasonable  to  assume  that  the  residents  of  Kingston 
and  Wilkes-Barre  would  welcome  a  hydroelectric  plant  at  West  Pittston,  if 
the  financial  success  of  this  plant  made  it  possible  to  build  and  maintain  flood 
control  reservoirs  in  the  upper  reaches  of  the  river  in  New  York  State.  Such 
Hood  control  reservoirs  would  not  only  provide  some  flood  protection  in  the 
lower  reaches  of  the  river,  but  in  addition  would  diminish  the  amount  of 
water  that  in  the  spring  would  be  released  over  the  top  of  the  dam  at  West 
Pittston.  Thus,  additional  electric  power  would  be  made  available.  In  the 
1936  flood  the  direct  and  indirect  losses  around  Kingston  and  Wilkes-Barre 
were  over  seven  million  dollars.  (See  Table  II) . 

Returning  now  to  a  consideration  of  the  assumption  that  “Electric 
Power  Will  Pay  The  Bill,”  it  is  only  fair  to  point  out  that  this  is  a  contro¬ 
versial  question.  The  Army  Engineers  state  in  reference  to  these  combined 
flood  control  and  power  projects  that  “The  construction  of  these  reservoirs  for 
flood  control  is  not  believed  warranted  until  the  need  for  additional  power 
is  established.”  The  Board  of  Engineers  for  Rivers  and  Harbors  further  states, 
“It  is  of  the  opinion  that  the  power  from  the  Raystown  project  can  be  ab¬ 
sorbed  in  the  area.”  Lastly,  a  statement  is  made  that  "All  \three  projects  would 
be  justified  economically,  provided  a  market  were  available  for  the  disposal 
of  the  power.” 

Having  thus  presented  the  point  of  view  of  the  Army  Engineers,  the 
author  suggests  a  different  point  of  view  in  reference  to  the  marketing  of 
power  and  in  addition  presents  some  statistics  on  the  probable  future  demand 
for  power. 

In  the  present-day  marketing  of  electric  power,  it  is  no  longer  neces¬ 
sary  to  think  in  terms  of  selling  the  product  in  the  immediate  vicinity.  Both 
Westport  and  West  Pittston  are  strategically  situated  so  that  they  may  supply 
power  to  neighboring  networks  of  transmission  lines  of  now  operating  com¬ 
panies.  Transmission  lines,  some  fifty  miles  long,  would  bring  the  product 
of  these  plants  to  market.  Electrical  engineers  now  think  in  terms  of  POWER 
POOLS  covering  a  whole  group  of  states.  One  of  these  pools  is  comprised  of 
the  New  England  states.  Another  is  formed  by  parts  of  New  York,  Pennsyl¬ 
vania,  and  New  Jersey;  this  is  called  the  Middle  Atlantic  Pool.  The  Federal 
Power  Commission  in  its  March  1946  report  records  the  production  by  this 
second  pool  in  1945  as  46,675,518,000  kilowatt  hours  derived  from  plants  hav¬ 
ing  a  total  capacity  of  10,430,053  kilowatts.  The  three  proposed  Pennsylvania 
plants  combined  would  provide  only  a  five  or  six  per  cent  addition  to  these 
figures.  West  Pittston  should  look  upon  operating  companies  in  this  Middle 
Atlantic  Pool  as  potential  customers. 

Assuming  that  both  Westport  and  West  Pittston  power  is  available 
to  adjacent  power  pools,  the  next  question  is:  “Do  these  adjacent  power  pools 
need  more  power?”  The  June  1947  issue  of  Electric  Light  and  Power  reports 
that:  “The  use  of  electricity  for  all  purposes  has  quadrupled  in  the  past  quar- 
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ter  century,  increasing  at  a  rate  of  about  5i/o  billion  kilowatt  hours  per  year. 
New  uses  and  applications  for  electric  service  in  the  home,  store,  office  and 
factory,  and  greater  saturation  of  existing  services,  indicate  a  continuation 
or  even  expanded  rate  of  growth.  For  example,  in  10  years,  at  the  present 
growth  rate,  power  systems  will  be  called  upon  to  supply  an  additional  50 
billion  kilowatt  hour  output— more  than  the  entire  use  in  the  country  in  1925 
and  over  half  again  as  much  as  was  used  in  the  last  pre-war  year  of  1911.” 
Since  the  power  companies  sold  about  200  billion  kilowatt  hours  in  1947,  this 
represents  a  V>/\  per  cent  increase  every  year.  Transferring  this  percentage  to 
the  Middle  Atlantic  Pool,  it  can  be  predicted  that  new  sources  of  energy, 
equivalent  to  I14  billion  kilowatt  hours,  will  be  needed  annually.  These  three 
Pennsylvania  plants  would  take  care  of  the  additions  needed  for  about  two 
years.  Operating  companies  must  keep  building  one  or  two  years  ahead  of 
demand  because  it  takes  time  to  create  new  facilities.  At  the  beginning  of 
1947  there  was  only  a  very  slim  safety  margin  between  installed  generating 
capacity  and  peak  load.  In  illustration  of  this  building  in  anticipation  of  fu¬ 
ture  load  the  31  million  dollar  steam-electric  station  at  Sunbury  is  cited.  This 
represents  construction  by  the  Pennsylvania  Power  and  Light  Company  of  a 
150,000  kilowatt  station  to  be  ready  for  operation  in  late  1948.  At  this  point 
it  is  interesting  to  record  that  this  Sunbury  steam  plant  is  about  88  miles  from 
the  West  Pittston  project  with  a  contemplated  kilowatt  capacity  of  381.300. 
It  is  further  reported  in  the  August  31,  1947,  issue  of  Grit  that  “This  plant 
will  tie  into  the  New  Jersey-Pennsylvania-Delaware-Maryland  interconnected 
power  system.  T  his  system  is  sometimes  described  as  the  Statue  of  Liberty- 
Pentagon  Building  system,  since  electricity  for  the  torch  of  the  Statue  ot  Lib¬ 
erty  on  Bedloe’s  Island,  in  New  York,  and  for  General  Eisenhower’s  ollice  in 
the  Pentagon  Building  in  Washington  is  supplied  from  this  power  pool  or 
‘grid.’  This  network  of  nearly  5,000.000  kilowatts  capacity,  or  one  tenth  of  the 
nation’s  total  capacity,  is  in  reality  a  pooling  of  the  facilities  of  the  various 
companies  in  the  group,  whereby  all  available  capacity  can  be  used  as  needed 
anywhere  in  the  interconnection.”  In  passing  it  may  be  said  that  the  West 
Pittston  Hydroelectric  Plant  could  in  like  manner  feed  into  this  pool.  With 
a  “grid”  liberally  supplied  with  steam  plants,  it  is  generally  possible  to  use 
with  definite  economic  advantage  all  the  hydroelectric  energy  available,  so 
that  little  distinction  needs  to  be  made  between  prime  power  and  secondary 
power.*  Scientific  load  dispatching  can  make  all  the  powei  available  at  West 
Pittston  usable  power. 

A  similar  discussion  of  the  Westport  project  could  easily  be  prepared. 
The  geographic  location  of  Westport  is  such  that  its  power  might  flow  to 
market  westward  or  northward  or  even  eastward  as  in  the  case  of  West  Pitts- 
ton.  With  this  exception  the  conclusions  are  the  same  in  both  cases. 


‘Prime  power  equals  the  kilowatt  hours  available  in  the  worst  or  driest  sear. 
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Finally,  these  hydroelectric  installations  may  be  cited  as  important 
conservation  measures,  conservation  of  two  of  our  natural  resources,  fuel  and 
soil.  Every  year  there  will  be  produced  2  2/3  billion  kilowatt  hours  of  prime 
electric  energy  which  at  1.0  to  1.3  pounds  of  coal  per  kilowatt  hour  means 
1  I  3  to  1  3/4  million  tons  of  coal  saved  annually.  In  connection  with  soil  con¬ 
servation  a  balance  sheet  should  be  drawn  between  soil  inundated  and  the 
soil  saved  from  being  carried  away  by  streams  in  flood  condition.  A  detailed 
study  of  the  proposed  reservoir  areas  will  indicate  that  the  inundated  areas 
are  distinctly  inferior  as  farm  land;  particularly  is  this  true  for  the  Westport 
reservoir. 


t 
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W  o  OescFjption  of  C  omlkmeJ.  P  Jood 
Control  and  .Power  iReservoirs 


Men  build  structures  for  various  reasons,  sue  li  as  utilitarian,  memorial, 
religious,  and  finally  recreational.  11  the  three  dams  described  in  Table  I  are 
built  what  will  be  their  contribution  to  recreational  activities  such  as  swim¬ 
ming,  boating,  fishing,  and  summer  camps? 

As  pointed  out  in  some  detail  on  pages  17  and  IS.  it  is  a  fact  that  horn 
Mav  to  October  there  will  be  very  little  fluctuation  in  the  level  of  these  lakes 
and  that  the  level  will  be  close  to  the  top  of  the  dam.  In  order  to  gain  an 
approximate  picture  of  the  recreational  possibilities  of  such  lakes,  consider  the 
following  quotation  from  Russell  Ford’s  article  in  the  September  19-17  Holi¬ 
day ,  entitled  “TVA  Playground.”  This  quotation  shows  that  even  with  fluc¬ 
tuations  of  level,  water  sports  can  go  on. 

“Reservoirs  subject  to  drawdown  for  purposes  of  power  generation  and 
flood  control  can  have  no  beaches.  .  .  .  But  millions  of  people  go  swimming 
anyway,  and  enjoy  it.  Again  the  manipulated  varying  water  level  in  these  res¬ 
ervoirs  makes  .  .  .  impractical  fixed  docks  and  boat  houses  ashore;  they  have 
to  be  floating  structures  that  go  up  and  clown  with  the  replenishment  and 
drawdown  of  the  water.  But  this  offers  no  formidable  impediment  to  boating 
pleasure.  .  .  .  On  all  the  tributary  lakes,  including  Norris,  fishing  has  increas¬ 
ed  fifty  fold  since  these  waters  were  impounded  and  on  some  of  these  storage 
lakes  it  has  increased  one  hundredfold.  .  .  .  Doctor  Eschmeyer  and  his  col- 
leagues  believe  that  the  lakes  of  the  Tennessee  and  its  tributaries  now  offer 
some  of  the  best  spring  fishing  anywhere  in  the  United  States.  There  is  fair 
fishing  right  through  the  summer,  too  .  .  .  deep  trolling  .  .  .  but  the  top  of 
the  year  is  April  or  May  for  lake  and  river  fishing.  .  .  .  The  total  tourist  in¬ 
come  of  the  valley  is  estimated  to  have  risen  to  one  hundred  million  dollars 
in  the  past  ten  years.” 

Quoting  from  Frederick  Simpich’s  article  in  the  April  1918  National 
Geographic,  entitled  “Around  the  Great  Lakes  of  the  South.” 

“Till  these  lakes  rose,  .  .  .  people  hereabouts  enjoyed  little  in  the  way 
of  water  sports.  Now  dam  and  lakeside  visitors  number  about  2,000.000  a 
year.  A  Chicago  mail-order  house  finds  this  one  of  its  richest  markets  for  boats, 
bathing  suits,  and  fishing  tackle.  Floats,  cabins,  clubs,  lodges,  and  summer 
camps  line  the  lake  shores,  where  some  7,000  powerboats  .  .  .  are  in  use  .  .  . 

“TVA,  as  such,  was  designed  especially  to  meet  the  peculiar  problems 
of  the  Tennessee  area.  It  couldn’t  be  transplanted,  in  toto,  to  any  other  stream. 
But  some  lessons  learned  here  could  be  applied  to  other  streams.” 

Pennsylvania  is  a  beautiful  state,  but  it  needs  more  water  areas  to  en¬ 
hance  its  beauties.  In  Figure  3  we  have  a  map  of  Pennsylvania  showing  the 
existing  lakes,  Pymatuning,  Wallenpaupak,  Safe  Harbor,  I  loll  wood,  and  Con- 
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FIGURE  3  MAJOR  EXISTING  AND  PROPOSED  LAKES  (IN  PENNS\  L\  ANIA) 
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owingo,  and  the  reservoirs  proposed  by  this  bulletin.  1  hese  three  large  lake  s 
at  Raystown,  Westport,  and  West  Pittston  with  full  pool  reservoirs  ol  11,300, 
31,400,  and  48,400  acres,  will  add  142  square  miles  to  the  lake  area  ol  Penn¬ 
sylvania.  These  lakes  are  comparable  in  size  with  the  34,200  acre  lake  above 
Norris  Dam,  Tennessee.  These  prospective  lakes  may  well  be  examined  in 
detail  because  they  will  mean  so  much,  not  only  to  flood  control,  but  also  in  the 
way  of  healthful  recreation  to  many  citizens  of  the  Commonwealth.  Wooded 
shores,  flanked  by  cliffs,  rising  in  some  cases  to  a  height  of  900  feet  above  the 
lakes;  long  stretches  of  water,  in  some  cases  over  a  mile  wide,  will  sureh  add 
to  the  scenic  beauties  of  the  State.  By  stocking  certain  of  the  lake  areas  with 
bass  or  other  lake  fish  ,a  long  fishing  season  and  a  fishermen’s  paradise  may  be 
created.  In  comparison  with  the  26  lakes  of  the  TVA,  we  will  have  three  Penn¬ 
sylvania  lakes  with  a  total  area  of  142  square  miles  and  a  shore  line  of  H80 
miles;  the  26  lakes  of  the  TVA  have  a  total  area  of  930  square  miles  and  a 
shore  line  of  10,000  miles. 

THE  RAYSTOWN  LAKE 

The  Raystown  Lake,  Figure  4,  will  run  south  westward  from  the 
neighborhood  of  Huntingdon  along  the  valley  of  the  Raystown  Branch  of  the 
Juniata  to  the  Saxton  steam  power  plant  of  the  Pennsylvania  Electric  Com¬ 
pany.  Its  upper  reaches  will  not  interfere  with  the  satisfactory  operation  ol 
this  station.  The  bee-line  distance  from  the  dam  site  to  Saxton  is  only  about 
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twenty  miles,  but  by  virtue  of  the  windings  of  the  river  the  lake  will  be  about 
44  miles  long  and  have  a  shore  line  of  about  110  miles.  In  this  lake  there 
will  be  formed  several  islands,  in  area,  respectively,  45,  45,  45,  15,  10.  and  10 
acres.  Starting  downstream  at  Saxton  the  stream  for  some  little  distance 
will  be  several  hundred  feet  wide  for  the  major  part  of  the  year,  but  there 
would  be  no  major  change  in  the  landscape  in  that  area.  As  we  proceed  farther 
downstream  toward  the  dam,  the  river  would  widen  out,  beginning  at  about 
one-quarter  the  way  down  to  develop  several  minor  creeks  on  the  north  side. 
At  about  half  way  down,  the  body  of  water  will  expand  to  a  width  of  a  mile 
and  develop  a  sizeable  bay  with  an  island  in  its  center,  called  First  Island. 
Just  north  of  First  Island,  two  forks  of  the  lake  will  extend  northward  for 
about  two  miles  to  the  village  of  Aitch.  From  there  to  the  dam  the  lake  will 
maintain  widths  of  between  a  mile  and  a  half  mile.  The  course  is  still  a  wind¬ 
ing  one,  and  we  soon  reach  a  bay  with  another  island,  called  Second  Island. 
About  half  way  between  Second  Island  and  the  dam  there  will  be  another 
fork  of  the  lake  which  will  run  northward  about  two  miles.  At  this  point  there 
is  a  bay  with  two  islands,  called  Twin  Islands. 

The  lake  itself  will  be  about  44  miles  long  and  have  an  average  depth 
ol  about  80  feet  and  an  area  of  17.7  square  miles,  which  means  an  average 
width  of  about  one  half  mile.  The  term  “average  width”  has  little  meaning 
when  applied  to  such  an  irregular  body  of  water.  The  lake  will  have  a  flow 
line  elevation  of  810  feet  above  sea  level,  as  impounded  by  the  240  foot  dam. 


HUNTINGDON  , 
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FIGURE  1  PROPOSED  RAYSTOWN  DAM  AND  LAKE 
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The  water  contained  in  the  lake  at  full  capacity  will  be  997.000  acre-feet. 
This  will  be  the  approximate  si/e  of  the  lake  from  the  first  of  Mas  until  the 
first  of  October,  the  period  coinciding  with  the  season  of  greatest  recreational 
activity.  From  October  first  until  January  first  the  reservoir  will  be  drawn 
down  by  at  least  257,000  acre-feet  to  take  care  of  flood  control  and  to  be  pie- 
pared  to  handle  five  inches  of  run-off  from  the  whole  watershed.  From  Januarv 
first  to  May  first  this  reservation  of  capacity  must  be  maintained  until  the 
snow  has  gone.  Then  early  in  May  the  reservoir  will  be  allowed  to  regain  its 
approximately  constant  summer  level.  Table  1  indicates  an  average  power 
head  of  184  feet,  which  may  be  taken  as  a  very  approximate  measure  of  the 
average  lake  level  in  the  winter  months. 


FIGURE  5  PROPOSED  WESTPORT  DAM  AND  LAKE 
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THE  I  VEST  PORT  LAKE 

The  Westport  Lake,  Figure  5,  will  consist  of  a  series  of  branches  such 
as  Kettle  Creek,  Sinnemahoning  Creek,  and  the  Moshannon,  all  of  which  flow 
into  the  West  Branch  of  the  Susquehanna.  It  is  located  in  rugged  country 
typified  by  steep  wooded  banks  along  the  streams.  Starting  at  Clearfield  and 
following  down  the  Susquehanna,  we  reach  the  beginning  of  the  lake  about 
14  miles  downstream.  The  lake  will  not  expand  very  much  beyond  the  original 
river  bed  until  we  have  passed  the  Moshannon.  From  there  downstream  the 
lake  will  have  an  average  width  of  about  half  a  mile.  Near  Three  Runs  Creek 
we  will  find  an  island  of  some  30  acres,  which  is  shown  as  First  Island  on 
Figure  5.  About  16  miles  below  First  Island  the  Sinnemahoning  pours  into 
the  main  river.  Between  the  Sinnemahoning  and  Kettle  Creek  Second  Island 
will  be  formed.  What  a  country  for  a  canoe  trip,  with  some  195  miles  of 
wooded  stream  to  explore!  Bluffs  run  up  to  heights  of  700  to  800  feet;  a  para¬ 
dise  of  mile  after  mile  of  quiet  navigable  water  bordered  by  wooded  shores. 

The  lake  itself  will  have  an  area  of  nearly  fifty  square  miles,  an  aver¬ 
age  depth  of  122  feet,  an  average  width  of  0.4  mile,  and  a  shore  line  of  390 
miles.  The  general  shape  of  the  lake  is  somewhat  similar  to  the  streamers  of 
forked  lightning,  six  prongs  to  the  fork.  The  flow  line  of  the  lake  has  an  ele¬ 
vation  of  1000  feet  above  sea  level,  as  impounded  by  the  360  foot  dam.  The 
water  contained  in  the  lake  at  full  capacity  will  be  3,830,000  acre-feet  and 
this  will  be  the  approximate  size  of  the  lake  in  the  summer  months.  The  draw 
down  for  the  winter  months,  the  flood  control  reservation,  will  be  at  least 
777,000  acre-feet.  The  average  power  head  is  stated  in  Table  I  as  273  feet, 
"which  may  be  taken  as  a  very  approximate  measure  of  the  average  lake  level 
in  the  winter  months.  Similarly  the  height  of  the  dam,  360  feet,  may  be  taken 
as  a  very  approximate  summer  water  line,  which  gradually  decreases  as  the 
summer  progresses. 

THE  WEST  PITTSTON  LAKE 

The  West  Pittston  Lake,  Figure  6,  will  run  northwest  from  a  point 
called  Falls,  about  12  miles  above  Pittston  and  West  Pittston,  up  to  and  across 
the  New  York  State  line.  Starting  at  Falls,  Pennsylvania,  and  going  upstream 
we  soon  encounter  on  the  right  Tunkhannock  Creek.  Thence  about  50  miles 
upstream  on  the  left-hand  shore  will  be  found  Towanda.  Twenty  miles  further 
are  Athens  and  Sayre  in  Pennsylvania  and  Waverly  in  New  York,  all  located 
near  the  state  line.  At  this  point  there  are  two  forks  both  crossing  into  New 
York.  The  right-hand  fork  is  the  longer  and  extends  to  within  4y£  miles  of 
Owego,  New  York.  Not  counting  the  various  arms  of  the  lake,  the  pool  will 
extend  83  miles  upstream  from  Falls,  Pennsylvania,  almost  to  Owego,  New 
York. 

The  lake  has  an  area  of  75  square  miles,  an  average  depth  of  75  feet, 
and  an  average  width  for  the  whole  lake  of  almost  half  a  mile.  Along  the 
main  stream  it  is  nearly  a  mile  wide.  The  shore  line  will  be  approximately 
380  miles.  The  elevation  at  full  pool  will  be  775  feet  above  sea  level,  as  im¬ 
pounded  by  the  230  foot  dam  at  Falls.  The  average  power  head  will  be  185 
feet. 
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FIGURE  6  PROPOSED  WEST  PITTSTON  DAM  AND  LAKE 
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V .  V  anoes  Opinions  Relating 

to  tine  .Proposals 

If  a  public  hearing  were  held  to  obtain  the  reaction  of  the  general  pub¬ 
lic  toward  the  combined  flood-control  and  power  dams  and  reservoirs  as  pro¬ 
posed  at  Westport,  West  Pittston,  and  Raystown,  divergent  opinions  would 
be  expressed. 

Some  will  be  of  the  opinion  that  we  should  proceed  at  once.  Of  these 
some  will  be  activated  by  the  conviction  that  this  plan  will  free  them  from 
fear  of  floods;  others  will  be  urged  on  by  the  prospects  of  developing  the  rec- 
leational  supply  business;  others  anticipate  fine  fishing  and  boating;  others 
will  look  forward  to  the  recreational  development  of  the  nearby  territory. 

On  the  other  hand,  there  will  be  present  at  the  hearing  those  who  have 
specific  objections  and  who,  therefore,  oppose  carrying  out  the  projects.  For 
example,  the  mountain-stream  trout  fisherman  will  object  to  his  streams  being 
converted  into  lakes.  The  coal  industry  will  object  to  the  production  of 
power  by  any  means  other  than  coal.  The  electric  power  companies  will  ob¬ 
ject  to  power  production  by  public  agencies,  usually  designated  as  “Public 
Power.”  Those  whose  ancestral  acres  will  be  inundated  by  the  reservoirs  will 
register  strong  objections.  And  the  tax-levying  bodies  which  are  confronted 
with  a  loss  of  taxable  property  will  oppose  the  plan.  Finally,  advocates  of  the 
substitution  of  many  dry  dams  for  the  three  proposed  dams  will  be  numbered 
among  the  opposition. 

Unfortunately,  a  public  hearing,  indispensable  as  it  is,  will  not  bring 
out  all  of  the  facts.  Actually  a  good  deal  of  misinformation  will  be  read  into 
the  record. 

In  order  to  supplement  the  testimony  we  shall  call  on  a  certain  myth¬ 
ical  advocate  of  Public  Power  to  testify  as  to  the  justification  of  multiple-pur¬ 
pose  dams  and  as  to  the  role  of  fuel  plants  and  of  hydro  plants  in  an  area 
such  as  Pennsylvania.  He  might  speak  somewhat  as  follows: 

“There  are  three  different  methods  of  approach  to  the  design  of  mul¬ 
tiple-purpose  projects  for  flood  control:  (1)  the  idea  that  a  reservoir  must  at 
all  times  be  kept  nearly  empty  for  flood  control,  commonly  called  Dry  Dams; 
(2)  the  view  that  there  must  be  a  designated  layer  of  the  reservoir  reserved  for 
flood  control  and  the  rest  for  power  production;  and  (3)  the  view  that  the 
same  space  in  a  reservoir  may  be  used  both  for  flood  control  and  power  pro¬ 
duction  at  different  seasons  of  the  year.  Two  of  the  dams  proposed  for  the 
Susquehanna  lie  in  the  third  category.” 

Seven  low  head  (50  to  100  feet  high)  dry  dams  have  been  proposed  by 
the  Susquehanna  River  System  Flood  Control  Association  in  substitution  for 
the  single  high  dam  at  Westport.  In  Appendix  II  it  is  shown  that  it  would 
take  47.3  dry  dams,  50  feet  high,  to  store  the  777,000  acre-feet,  which  the  West- 
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port  reservoir  will  store  in  a  top  layer,  27  feet  thick.  If  the  dry  dams  were  100 
feet  high,  it  would  take  6.7  such  dams.  Further  calculations  indicate  that  the 
area  flooded  by  the  47.3  dams  would  be  ten  times  as  much  as  that  Hooded  In 
the  777,000  acre-feet  set  aside  for  flood  storage. 

Again  referring  to  the  Westport  project,  it  accomplishes  it*  Hood  pro¬ 
tection  purposes  and  at  the  same  time  makes  possible  the  generation  of  hund¬ 
reds  of  millions  of  kilowatt  hours  right  in  the  midst  of  a  power-hungry  mar¬ 
ket.  Here  lies  the  economic  salvation  of  the  whole  project,  through  the  sale 
of  electric  power.  In  the  summer  months  the  full  27-foot  protective  laser  need 
not  be  maintained  and,  therefore,  part  of  this  layer  will  serve  power  genera¬ 
tion  purposes.  In  the  winter  months,  if  necessary,  the  reservoir  may  be  oper¬ 
ated  well  below  the  323-foot  (350—27)  level,  and  in  this  case  a  portion  of  the 
power  space  becomes  available  for  flood  control  purposes.  Therefore,  the 
Westport  reservoir  should  be  classified  in  the  third  category. 

Operation  of  these  three  plants  will  produce  by  water  power  an  amount 
of  energy  that  could  be  obtained  by  burning  1  \/>  million  tons  of  coal  in  steam 
power  plants.  The  interests  of  the  power  generating  engineers  and  the  public 
are  best  served  when  the  generating  system  is  a  composite  one,  part  water 
power  and  part  fuel  burning.  Engineers  have  achieved  some  remarkable  econ¬ 
omies  by  exploiting  the  possibilities  of  composite  systems.  It  is,  therefore,  for 
the  best  interest  of  the  coal  producer’s  best  customer  that  some  power  be  ob¬ 
tained  hvdroelectrically.  In  the  long  run  the  coal  producer  will  sell  more  coal 
because  of  the  accelerated  growth  of  power  systems.  This  is  illustrated  by 
Table  III,  which  records  year  by  year  the  tons  of  coal  used  for  Power  Gen¬ 
eration  in  Tennessee,  Alabama,  and  Georgia:  (a)  All  except  TVA  use:  (b) 
TV  A  use;  (c)  Total. 
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TABLE  III 

COAL  CONSUMPTION  IN  TENNESSEE,  ALABAMA,  AND  GEORGIA 


T  ons 

Tons 

Tons 

Year 

All  except  TVA 

TVA 

Total 

29 

320,000 

320,000 

30 

250,000 

250,000 

31 

260,000 

260,000 

32 

120,000 

120,000 

33 

120,000 

120,000 

34 

160,000 

160,000 

35 

200,000 

200,000 

36 

350,000 

350,000 

37 

690,000 

690,000 

38 

670,000 

670,000 

39 

630,000 

630,000 

40 

611,000 

559,000 

1,170,000 

41 

1,121,000 

679,000 

1,800,000 

42 

1,170,000 

1,290,000 

2,460,000 

43 

1,594,000 

756,000 

2,350,000 

44 

1,111,000 

1,139,000 

2,250,000 

45 

1,073,000 

867,000 

1,940,000 

The  installation  of  very  large  hydroelectric  plants  in  the  TVA  area  did 
not  seem  to  retard  the  sale  of  coal,  but  rather  to  accelerate  its  use.  TVA  itself 
bought  twenty  million  dollars  worth  of  coal  in  six  years.  The  general  con¬ 
clusion  is  that  hydroelectric  plants  accelerate  the  development  of  an  area 
and  thus  indirectly  bring  about  coal  purchases  in  excess  of  what  normally 
could  have  been  expected.  The  dramatic  increase  in  the  use  of  coal  in  the 
TVA  area  would  not  be  duplicated  in  the  Susquehanna  area,  which  is  more 
mature  industrially.  Some  acceleration  of  demand,  however,  might  well  be 
expected  in  the  Susquehanna  area. 

In  reference  to  the  objections  registered  by  owners  of  inundated  farm 
property,  the  following  comments  are  offered. 

If  the  upland  farmer  were  given  the  bare  dollar  value  of  his  farm,  it 
is  apparent  that  he  would  not  be  sufficiently  compensated.  It  has  been  sug¬ 
gested  that  a  double  compensation  would  be  justified:  first,  a  fair  price  by 
the  federal  government  for  his  land  and  buildings  before  starting  work  on 
the  project;  and  second,  at  a  later  date,  the  same  price  by  the  state  as  a  proper 
bonus  to  offset  the  advantages  obtained  downstream  by  the  project.  This 
would  cost  the  state  approximately  4.3  million  dollars,  or  about  six  per  cent 
of  the  1936  flood  damage. 
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On  the  other  hand,  the  farm  land  that  would  lie  inundated  has  oxer 
the  years  become  of  less  and  less  value.  In  many  cases  these  farms  have  been 
abandoned,  especially  in  the  Sinnemahoning  Valley  where  less  than  a  score 
ol  farms  are  now  being  worked.  Productivity  of  farm  land  in  the  Raystown 
branch  area  is  low,  but  it  has  not  yet  reached  the  near  vanishing  point  of 
the  Sinnemahoning  Valley. 

I  he  construction  of  the  Raystown.  W  est  Pittston,  and  Westport  dams 
will  flood  approximately  91,000  acres,  located  largely  in  narrow  uncultivated 
valleys.  This  represents  a  loss  of  less  than  0.625  per  cent  of  all  farm  land  in 
Pennsylvania.  Actually,  the  loss  in  dollars  will  be  considerably  less  because 
low-grade  farm  land  is  being  compared  with  high-grade  farm  land.  Truly, 
this  loss  is  small  considering  the  resulting  benefits. 

In  order  to  paint  a  more  detailed  picture  consider  Cameron  County 
on  the  West  Branch.  Of  this  county’s  250,880  acres,  52  per  cent  of  which  is 
already  state  forest  land,  about  5.4  per  cent  will  be  flooded,  or  1 3,548  acres. 
Cameron  County  contains  two  boroughs  and  five  second-class  townships.  It 
consists  largely  of  deep,  narrow,  V-shaped  valleys  with  steep  slopes,  with  ele¬ 
vation  ranging  from  about  800  to  about  2100  feet  above  sea  level.  The  pop¬ 
ulation  is  quite  sparse  with  77  per  cent  of  the  population  of  the  county  in 
Emporium  (pop.  3775)  and  Shippen  Township  (pop.  1491).  These  two  por¬ 
tions  of  the  county  would  not  be  subject  to  inundation  except  for  a  small 
portion  of  Shippen  Township.  Some  of  the  small  hamlets,  however,  such  as 
Driftwood  would  be  inundated.  These  hamlets,  however,  are  located  in  deep 
valleys  and  have  long  been  subject  to  flood  catastrophies. 

In  1937,  the  Pennsylvania  Planning  Board,  after  a  detailed  analysis  of 
Cameron  County,  included  in  its  recommendations  the  following  items: 

(a)  Planned  and  coordinated  state  purchase  of  land 

(b)  Restoration  of  more  land  to  forests 

(c)  General  relocation  of  isolated  settlers 

(d)  Greater  development  of  recreational  facilities. 

It  would  appear,  therefore,  that  the  establishment  of  a  high  dam  at 
Westport  and  the  creation  of  a  multi-armed  lake  similar  to  Norris  Lake,  Ten¬ 
nessee,  would  not  be  out  of  line  with  existing  plans,  but  rather  a  further 
ramification  of  them.  In  addition,  it  wotdd  appear  that  this  large  lake  would 
attract  a  large  summer  resort  business  that  would  far  outweigh  the  losses  in¬ 
cident  to  inundation. 

A  final  comment  in  connection  with  the  problems  confronting  tax- 
levying  bodies  is  presented  herewith. 

A  piece  of  taxable  property  is  withdrawn  from  the  assessor’s  books  as 
each  unit  of  property  becomes  submerged  under  these  lakes.  This  gives  rise 
to  an  obligation  to  the  county  or  municipality  that  must  be  taken  care  of. 

In  the  Tennessee  Valley  area  this  has  been  solved  by  the  allocation 
of  10  per  cent  of  the  gross  proceeds  from  the  sale  of  electrical  power  to  the 
state  or  local  government  units  in  lieu  of  taxes  formerly  collected.  Such  a 
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charge  is  obviously  a  legitimate  operating  expense  of  the  power  project.  The 
percentage,  of  course,  is  subject  to  adjustment  from  year  to  year  to  alleviate 
possible  hardships  on  the  tax  collecting  units  involved.  On  the  other  hand, 
there  will  be  more  assessable  property  added  year  by  year  by  the  erection  of 
a  large  number  of  summer  cottages,  hunting  and  fishing  camps,  ski  lodges, 
etc. 

In  considering  the  problem  of  silt,  it  might  be  well  to  refer  to  the 
Colorado  River  Development.  The  Colorado  River  runs  through  deep  and 
barren  canyons  continually  carrying  away  large  quantities  of  silt.  This,  in 
turn,  is  deposited  in  Lake  Mead  back  of  Boulder  (Hoover)  Dam.  The  report 
on  “The  Colorado  River”  by  the  Secretary  of  Interior  states  on  Page  216  that 
“not  in  this  generation  or  even  in  this  century  will  the  threat  to  Boulder  Dam 
he  acute.”  Plainly,  the  large  Susquehanna  projects,  with  much  more  favorable 
topographical  conditions,  should  have  far  less  trouble  from  silt.  Soil  conser¬ 
vation  has  been  practiced  on  land  along  the  tributaries  of  the  Susquehanna  to 
a  high  degree.  The  land  along  the  tributaries  of  the  Susquehanna  above  West- 
port,  Raystown,  and  West  Pittston  is,  on  the  whole,  either  heavily  wooded  or 
terraced.  This  is  in  striking  contrast  to  the  barren  slopes  and  alluvial  soil 
along  the  Colorado  River. 

O 
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VI.  c  onclusiom 

All  citizens  of  the  Commonwealth  have  an  interest  in  benefits  that 
accrue  to  it.  What,  specifically,  are  the  benefits  to  be  derived  from  the  projects 
discussed  in  this  bulletin? 

First  and  most  specific  is  an  average  annual  saving  of  $1,074,000  In 
the  elimination  of  a  large  percentage  of  the  flood  losses  on  the  Juniata  and 
the  West  Branch. 

Second,  there  will  be  created  about  700,000  kilowatts  of  electric  power 
generating  capacity  which  Pennsylvanians  may  use  themselves  or  export  to 
surrounding  states.  This  is  no  small  benefit  in  these  days  of  critical  electrical 
power  shortages. 

Third,  there  will  be  created  a  major  recreational  resource  in  the  form 
of  three  lakes,  totaling  142  square  miles  in  area.  This  recreational  resource 
will  eventually  bring  millions  of  dollars  of  tourist  money  into  the  State,  to 
sav  nothing  of  recreational  benefits  to  our  own  citizens.  These  benefits  will 
accrue  to  the  State  without  any  increase  in  State  taxes  and  without  any  draft 
on  State  funds.  Who  then  pays  the  bill?  The  answer  is  ELECTRIC  POWER, 
the  profits  from  which  will  provide  money  for  interest  and  eventual  amorti¬ 
zation  of  the  federal  funds  advanced  to  provide  for  the  construction. 

_  In  order  to  describe  the  role  of  the  federal  government  in  projects  such 
as  the  ones  described  in  this  bulletin,  let  us  cite  a  quotation  from  the  1946 
Department  of  Interior  Report  on  the  Colorado  River: 

“The  Secretary  of  Interior  was  required  to  make  provision  for  revenue, 
by  contract  or  otherwise,  which  in  his  judgment  would  be  adequate  to  pay 
all  expenses  of  operation  and  maintenance  and  repay  with  interest  at  4  per 
cent  within  50  years  of  the  completion  of  the  project  (Boulder  Dam)  all  mon¬ 
ey  advanced  by  the  Federal  Government’’;  the  same  report  further  states  that, 
“A  new  recreational  area  that  attracts  more  than  half  a  million  people  a  vear 
has  been  created  by  the  dam  (Boulder  Dam)  and  Lake  Mead.”  This  project  is 
a  completed  fact  and  is  indicative  of  the  possibilities  on  a  smaller  scale  which 
are  latent  here  in  Pennsylvania. 

This  bulletin  has  been  prepared  with  the  purpose  of  informing  the 
people  of  the  Commonwealth  as  to  the  benefits  which  they  might  have;  the 
benefits  that  they  ought  to  have  by  a  well-ordered  plan  of  improvement  of 
their  largest  river,  the  Susquehanna. 


THE  FOLLOWING  TABLE  INDICATES  THE  STATUS 

OF  THE 

VARIOUS  PROJECTS  IN  THE  PITTSBURGH,  PA.,  DISTRICT  TO  DATE 
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Flood  Prof  ection  121  tike  iPattsbiirgli  Area 

The  City  of  Pittsburgh,  located  at  the  confluence  of  the  Monongahela 
and  Allegheny  Rivers,  has  long  suffered  from  annual  floods.  Estimates  place 
the  average  annual  loss  at  $2,000,000.  The  disastrous  flood  of  1936  inundated 
two  thirds  of  the  business  district  and  caused  losses  estimated  at  $56,000,000. 

Congress  has  recognized  the  need  for  adequate  protection  by  authori¬ 
zation  of  projects  in  the  flood  control  acts  of  1935,  1937,  1938.  1939,  1941, 
1944,  and  1946. 

At  the  end  of  the  year  1946,  there  had  been  authorized  expenditures 
totaling  $105,904,243*  for  the  construction  of  dams  and  reservoirs  among  the 
tributaries  of  the  Allegheny,  Monongahela,  and  Beaver  Rivers,  many  of  which 
are  nearing  completion. 

In  the  Allegheny  basin  the  following  projects  are  under  way: 

Crooked  Creek  Reservoir  (91  per  cent  complete)  located  6.7  miles 
above  the  junction  of  the  creek  with  the  Allegheny  River  near  Ford  City, 
Pennsylvania,  is  being  built  solely  for  flood  prevention  purposes  at  a  total 
estimated  cost  of  $4,300,000. 

Tionesta  Reservoir  (93  per  cent  complete)  is  located  on  Tionesta 
Creek  1.2  miles  above  the  junction  of  the  creek  with  the  Allegheny  River  at 
Tionesta,  Pennsylvania.  The  reservoir  contains  no  provision  for  power  being 
solely  for  flood  control  purposes,  and  the  total  estimated  cost  is  $5,300,000. 

Mahoning  Creek  Reservoir  (95  per  cent  complete)  is  located  21.6 
miles  above  the  junction  of  the  creek  with  the  Allegheny  River  and  about  6i/o 
miles  southeast  of  New  Bethlehem,  Pennsylvania.  The  reservoir  contains  two 
penstocks  for  possible  future  generation  of  hydroelectric  power.  Total  esti¬ 
mated  cost  is  $6,500,000. 

Loyalhanna  Reservoir  (87  per  cent  complete)  is  located  on  Loyalhanna 
Creek  4.5  miles  above  the  junction  of  the  creek  with  the  Conemaugh  River 
at  Saltsburg,  Pennsylvania.  One  penstock  is  available  for  possible  future  gen¬ 
eration  of  hydroelectric  power.  The  total  estimated  cost  is  $5,400,000. 

Conemaugh  River  dam  site  (only  4  per  cent  complete)  is  located  on 
the  Conemaugh  River  in  Indiana  and  Westmoreland  Counties,  7.5  miles 
above  the  junction  of  the  Conemaugh  River  and  Loyalhanna  Creek.  It  is  two 
miles  northeast  of  Tunnelton  and  about  42  miles  east  of  Pittsburgh.  Provis¬ 
ions  for  future  generation  of  hydroelectric  power  are  not  known.  The  total 
estimated  cost  is  $33,000,000. 


•Of  this,  $13,059,243  is  in  the  privately  owned  power  developments  of  Piney  Creek  and  Lake 
Lynn. 
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Construction  on  the  East  Branch  of  the  Clarion  River  Reservoir  has 
just  begun.  It  is  expected  to  have  a  total  estimated  cost  of  §7,370,000.  (Facili¬ 
ties  for  the  possible  future  generation  of  hydroelectric  power  not  known.) 

Construction  has  not  yet  begun  on  the  French  Creek  (North  of  Mead- 
ville),  Red  Bank  (near  Brookville)  and  Allegheny  River  (10  miles  above  War¬ 
ren)  projects  although  they  have  been  authorized.  Estimated  costs  are  $10,- 
200,000,  $22,260,000,  and  $51,520,000,  respectively. 

The  Piney  Reservoir  on  the  Clarion  River  near  Clarion  was  built  by 
the  Pennsylvania  Electric  Company  at  a  cost  of  $5,891,000.  It  has  no  flood 
control  value  since  it  is  primarily  for  use  in  generating  hydroelectric  power. 
The  power  capacity  is  28,800  kilovolt  amperes. 

In  the  Monongahela  basin  the  following  projects  have  been  author¬ 
ized: 

The  Youghiogheny  River  Reservoir  (82  per  cent  complete)  is  located 
on  the  Youghiogheny  River  about  74.2  miles  above  its  junction  with  the  Mon¬ 
ongahela  at  McKeesport.  It  is  being  built  for  flood  control,  navigation,  and 
pollution-abatement  purposes  and  contains  no  penstocks  for  the  possible  fu¬ 
ture  generation  of  hydroelectric  power.  The  total  estimated  cost  is  $9,600,000. 

The  Tygart  River  Reservoir  (100  per  cent  complete)  located  near  Craf- 
ton,  West  Virginia,  was  built  at  a  total  cost  of  $16,750,000  partly  for  flood 
prevention  purposes  and  partly  for  navigation  purposes.  No  provisions  have 
been  made  for  power  generation. 

West  Fork  Reservoir  (0  per  cent  complete)  is  located  on  the  West  Fork 
River  about  5  miles  above  Clarksburg,  West  Virginia.  Construction  has  not 
yet  started.  The  total  estimated  cost  is  $10,250,000. 

Turtle  Creek  Reservoir  (0  per  cent  complete)  is  located  on  Turtle 
Creek  approximately  7  miles  above  its  junction  with  the  Youghiogheny  River 
near  McKeesport.  Construction  has  not  yet  begun.  Total  estimated  costs  run 
about  $5,547,000. 

Lake  Lynn  Reservoir  located  on  the  Cheat  River  was  built  by  the  West 
Penn  Power  Company  at  a  cost  of  $7,168,243.  Flood  control  value  is  negligible, 
being  designed  primarily  for  power  purposes.  The  total  power  capacity  is 
50,000  kilovolt  amperes. 

In  the  Beaver  River  basin,  the  following  projects  have  been  author¬ 
ized: 

Shenango  Reservoir  (0  per  cent  complete),  near  Sharpsville,  has  a  total 
estimated  cost  of  $10,787,000.  Future  power  generation  facilities  are  not 
known. 

The  Berlin  Reservoir  (96  per  cent  complete)  is  located  on  the  Mahon¬ 
ing  River  about  73  miles  above  its  confluence  with  the  Shenango  River  and 
about  35  miles  upstream  from  Warren,  Ohio.  No  provision  is  made  for  pos¬ 
sible  future  generation  of  hydroelectric  power,  being  for  flood  control  and 
water  supply  purposes.  The  total  estimated  cost  is  $6,380,000. 
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Mosquito  Creek  Reservoir  (89  per  cent  complete)  is  located  on  Mos¬ 
quito  Creek.  9  miles  above  the  junction  of  the  creek  with  the  Mahoning  River 
at  Niles,  Ohio.  It  is  constructed  for  low-water  regulation  and  flood  control 
purposes  and  no  provisions  are  made  for  possible  future  generation  of  elec¬ 
tric  power.  The  total  estimated  cost  is  $4,495,000. 

Eagle  Creek  Reservoir  (0  per  cent  complete)  is  located  on  Eagle  Creek 
approximately  5  miles  above  its  junction  with  the  Mahoning  River  and  about 
12  miles  from  Warren,  Ohio.  Little  is  known  as  to  provision  for  possible  fu¬ 
ture  power  generation  as  construction  has  not  yet  begun.  The  total  estimated 
cost  is  $10,912,000. 

Pymatuning  Reservoir  (100  per  cent  complete)  is  located  on  the  Shen- 
ango  River  approximately  8  miles  above  Greenville,  Pennsylvania.  It  was 
built  by  the  State  of  Pennsylvania  at  a  total  cost  of  S3, 750, 000. 
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APPENDIX  II 


Capacity  and  Area  Characteristics 

of  Reservoirs 


In  developing  the  contents  of  this  bulletin,  several  occasions  have  arisen 
where  an  approximate  knowledge  of  the  characteristics  of  reservoirs  was  re¬ 
quired.  Characteristics  are  here  defined  as  (a)  The  relationship  between 
Reservoir  Capacity  and  Height  of  Dam,  and  (b)  The  relationship  between 
Reservoir  Area  and  Height  of  Dam. 

These  relationships  will  follow  a  general  pattern  with  occasional  anom¬ 
alous  cases.  In  order  to  get  a  picture  of  what  this  general  pattern  is,  eight 
reservoirs  in  the  Appalachian  Mountain  Belt  were  selected,  three  of  them 
belonging  to  the  Miami  Conservancy  District  and  five  of  them  belonging  to 
the  flood  control  plan  for  the  Pittsburgh  area.  In  each  case  the  height  of  the 
spillway  above  the  stream  bed  was  taken  as  100  per  cent  head  and  the  full 
capacity  w^as  taken  as  100  per  cent.  When  the  per  cent  capacity  is  plotted 
versus  the  per  cent  head  on  logarithmic  paper,  the  points  trace  out  an  almost 
straight  line.  These  eight  straight  lines  are  shown  in  Figure  7.  The  slopes  of 
these  lines  vary  from  2.3  to  3.45  with  an  average  of  2.8.  Therefore,  for  the 
purposes  of  general  discussion  where 
particular  data  are  not  available,  it 
will  be  assumed  that:  Capacity  in 
acre-feet  —  k  (head  in  feet)  2.8 
where  the  constant,  k,  is  determ¬ 
inable  if  the  full  reservoir  capacity 
and  height  of  dam  are  known.  t 

A  similar  study  was  made  of  £ 
the  inundated  area  as  the  reservoir  ^ 
level  rose.  The  slopes  of  these  3 
curves  as  plotted  on  logarithmic  g 
paper  varied  from  1.4  to  2.24  with 
an  average  of  1.8.  Using  this  aver¬ 
age  exponent,  the  relationship  be¬ 
tween  inundated  area  and  head 
may  be  expressed  as  follows:  Inun¬ 
in 

Percent  Head 

FIGURE  7  RESERVOIR  CAPACITY- 
HEAD  RELATIONSHIP 


dated  area  in  acres  —  k  (head 
feet)  1-8. 
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Applying  the  first  equation  to  the  Westport  Reservoii  where  the  100 
per  cent  head  equals  350  feet  and  the  101)  per  cent  capacit\  equals  3.830,000 
acre-feet,  the  following  equation  is  obtained:  Capacity  in  acre-feet  —  0.289 
(head  in  feet)--8.  If  now  777.000  acre-feet  are  deducted  lor  flood  control 
storage,  the  head  will  fall  to  323  feet  or  drop  27  feet. 

The  next  question  to  be  answered  is  h  >w  many  reservoirs  with  50-foot 
dams  would  be  required  to  store  777.000  acre-feet.  For  a  50-foot  dam  the 
capacity  from  the  above  formula  comes  out  to  be  16,400  acre-feet.  Therefore, 
(777,000/16,400)  or  47.3  of  these  50-foot  dams  would  be  required.  By  a  sim¬ 
ilar  calculation.  6.73  of  the  100-foot  dams  would  be  required. 

Applying  the  second  equation  to  the  Westport  Reservoir  with  an  area 
of  31,400  acres  at  a  350  foot  head,  the  following  equation  is  obtained:  Inun¬ 
dated  area  in  acres  =  0.83  (head  in  feet)  *-8.  If  now  the  draw  down  for  flood 
control  purposes  is  27  feet,  the  area  subject  to  inundation  and  associated  with 
flood  control  is  31,400  —  0.83  (323) 1  - 8  or  4,150  acres.  Previous  calculations 
indicate  that  47.3  of  these  50-foot  dams  would  be  needed  to  store  the  flood 
control  waters  of  777,000  acre-feet.  One  50-foot  dam  would  inundate 
0.83  (50)!-8  or  947  acres;  47  of  these  dams  would  inundate  44,000  acres.  By  a 
similar  calculation  6.73  100-foot  dams  would  flood  22,000  acres. 

The  inference  from  these  calculations  is  that  the  topping  dam  at  West- 
port,  a  27-foot  topping  dam,  is  much  more  economical  than  the  equivalent 
dry  dams  and  floods  1/5  or  1/10  as  much  area.  As  an  alternative  statement  of 
this  situation,  the  capacity  in  acre-feet  per  acre  inundated  increases  directly  as 
the  head  increases,  as  may  be  shown  by  dividing  the  first  equation  by  the 
second,  thus:  0.289  (head  in  feet) --8  /  0.83  (head  in  feet)  1-8  —  0.348  (head 
in  feet).  In  short,  the  storage  at  a  350-foot  head  is  seven  times  as  effective  as 
that  at  a  50-foot  head.  This  expresses  in  a  quantitative  way  the  obvious  fact 
that  it  takes  more  w^ater  to  raise  the  level  of  a  large  reservoir  one  foot  than 
it  does  with  a  small  reservoir.  It  should  be  realized  that  this  analysis  demon¬ 
strates  trends  only  and  that  although  the  calculations  are  carried  out  to  three- 
figure  accuracy,  the  reliability  in  the  present  case  scarcely  extends  to  two 
figures.  Therefore,  the  figures  like  “47.3”  and  “6.73“  should  be  read  as  40 
to  50  and  6  to  7  respectively. 
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54.  BENEFITS— Benefits  from  the  construction  of  liood-control  projects 
consist  of  average  annual  direct  and  indirect  Hood  losses  prevented; 
enhancement  of  property  values  by  reason  of  more  profitable  use;  in¬ 
tangible  benefits;  and,  in  the  case  of  multiple-purpose  projects,  collat¬ 
eral  benefits.  Where  recommended  improvements  consist  of  additions  or 
extensions  of  existing  projects,  only  the  benefits  additional  to  those 
now  obtained  were  credited  to  the  proposed  new  works.  In  considering 
reservoirs  as  constituting  a  system,  the  benefits  were  prorated  in  pro¬ 
portion  to  the  percent  reduction  of  flood  flows  in  each  reach  of  each 
reservoir. 

55.  ENHANCEMENT  BENEFITS— The  construction  of  flood-control 
works  may  cause  an  immediate  increase  in  the  value  of  undeveloped 
or  partially  developed  land.  Such  enhancement  of  property  values  can 
be  expected  at  those  places  in  the  vicinity  of  large  towns  where  devel¬ 
opment  has  been  retarded  because  of  frequent  flooding.  The  enhance¬ 
ment  is  the  increase  in  the  value  of  property  resulting  from  flood  pro¬ 
tection,  and  is  the  difference  between  present  and  potential  land  values. 
Present  values  were  based  upon  the  price  level  and  usage  prior  to  the 
floods  of  July  1935  and  March  1936,  as  determined  from  assessments, 
sales,  and  properties  offered  for  sale.  To  avoid  the  inclusion  of  develop¬ 
ment  costs,  potential  value  was  taken  at  the  fair  value  before  develop¬ 
ment,  and  was  determined,  where  possible,  by  comparison  with  neigh¬ 
boring  land  outside  of  the  flood  plain  but  otherwise  in  an  equally  fav¬ 
orable  location,  or  where  necessary,  by  comparison  with  land  of  the 
latter  description  in  other  stages  of  development  after  correcting  for 
costs  of  streets,  sewers,  and  other  improvements  or  developments.  The 
annual  benefits  were  taken  as  5  percent  of  the  net  increase  in  land 
value  that  would  result  from  the  protection  proposed.  The  enhance¬ 
ment  of  real-estate  values  expected  from  a  combination  of  flood  pro¬ 
tection  and  speculative  real-estate  development,  and  the  benefits  re¬ 
sulting  from  possible  future  growth  of  the  community  were  noted  but 
were  not  assigned  monetary  values  in  view  of  their  uncertain  and  specu¬ 
lative  natures.  Direct  and  indirect  benefits  were  not  included  for  prop- 
ertv  for  which  enhancement  benefits  were  used. 

J 
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56.  INTANGIBLE  BENEFITS-ln  many  cases  there  are  incidental  bene- 
fits,  often  important,  to  which  money  values  could  not  be  assigned. 
These  include  safety  of  human  life;  assurance  that  normal  business, 
cultural,  and  social  activities  would  not  be  interrupted;  aesthetic  bene¬ 
fits,  such  as  the  elimination  of  unsightly  conditions;  and  national  de¬ 
fense.  Benefits  of  these  types  were  considered  separately. 

57.  POWER  BENEFITS— Power  benefits  include  the  value  of  prime  and 
secondary  energy  at  the  proposed  reservoir  sites  and  the  increase  in 
power  values  from  additional  prime  flow  at  the  large  existing  lower- 
river  power  developments  at  Conowingo,  Holtwood.  and  Safe  Harbor. 
The  increase  in  potential  power  values  of  undeveloped  sites  resulting 
from  such  regulation  was  not  considered.  A  25  per  cent  load  factor  was 
used  for  determining  the  power  installation,  and  it  was  assumed  that 
power  storage  would  be  utilized  to  yield  a  maximum  return  from  op¬ 
eration  of  power  plants  at  the  site.  This  condition  will  be  approached 
with  a  comprehensive  development  of  the  water  resources  in  the  basin 
for  hydro  power.  During  the  initial  development,  greater  benefits  may 
be  derived  by  utilizing  the  storage  primarily  for  increasing  the  depend¬ 
able  flow  at  existing  downstream  plants.  The  power  benefits  credited 
to  hydroelectric  developments  were  based  on  production  cost  at  priv¬ 
ately  owned  steam  plants.  The  value  of  prime  power  was  assumed  to 
be  $11.75  per  kilowatt  per  annum  for  the  installation,  with  2.35  mills 
per  kilowatt-hour  for  the  prime  energy  produced.  Secondary  energy 
was  valued  at  1.5  mills  per  kilowatt-hour. 

58.  OTHER  BENEFITS  OF  RESERVOIR  STORAGE- There  are  other 
incidental  uses  of  reservoir  storage  from  which  additional  benefits  may 
be  derived,  but  these  have  not  been  evaluated.  The  increased  depend¬ 
able  flow  resulting  from  operating  large  reservoirs  for  power  would  be 
very  beneficial  in  reducing  pollution  in  the  river,  would  be  a  reliable 
source  of  condensing  water  for  prospective  large  steam-electric  power 
developments  near  coal  mines,  and  would  supply  process  water  for  new 
industrial  plants  along  the  river.  The  extensive  power  reservoirs  would 
have  considerable  recreation  d  value. 

109.  JUSTIFICATION  OF  PROJECTS— Projects  were  considered  justified 
when  the  annual  benefits  from  flood  control  only  or  from  combined 
flood  control  and  power  exceeded  the  annual  charges.  Methods  used  in 
evaluating  benefits  are  given  in  section  IV.  For  multiple-purpose  res¬ 
ervoirs,  the  allocation  of  storage  to  flood  control  and  power  was  made 
according  to  the  most  beneficial  use  of  the  storage.  The  cost  of  these 
projects  exclusive  of  power  installations  was  prorated  in  proportion  to 
the  storage  allocation.  The  magnitude  of  each  project  was  limited  to 
that  size  beyond  which  the  increase  in  cost  would  exceed  the  additional 
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benefits.  In  comparing  alternate  plans,  the  larger  project  was  selected 
only  when  the  additional  annual  benefits  exceeded  the  additional  an¬ 
nual  charges. 

110.  BASIS  OF  ANNUAL  COST’S— Estimates  were  prepared  on  the  basis 
that  the  United  States  will  bear  all  costs  of  reservoirs  and  the  construc¬ 
tion  costs  of  local  improvement  projects.  It  has  been  assumed  that  local 
interests  will  pay  the  charges  for  lands,  easements,  public  utility  relo¬ 
cations,  and  rights-of-way  for  local  improvement  projects.  The  cost  of 
additional  installations  at  existing  downstream  power  plants  was  based 
on  cost  to  private  industry.  The  useful  life  of  movable  parts,  including 
pumping  plants,  gate  structures,  and  hydroelectric  power  equipment, 
was  assumed  to  be  25  years.  The  total  investment  for  nonmovable  parts 
was  amortized  over  a  period  of  50  years.  Annual  Federal  carrying 
charges  were  based  on  interest  at  3  per  cent  per  annum  on  the  total 
Federal  investment,  which  is  the  total  first  cost  plus  interest  during  con¬ 
struction  at  3  per  cent  of  the  total  cost  for  one-half  of  the  estimated 
construction  period,  when  that  period  is  2  years  or  more.  Annual  non- 
Federal  carrying  charges  foi  flood-control  improvements  were  based 
on  interest  at  4  per  cent  per  annum  on  the  total  non-Federal  invest¬ 
ment.  The  annual  carrying  charges  for  added  installation  at  down¬ 
stream  power  plants  were  based  on  an  interest  rate  of  6  per  cent,  and 
taxes  and  insurance  at  1.5  per  cent.  A  fixed  annual  operation  and  main¬ 
tenance  charge  was  included  for  each  project,  the  amount  depending  on 
the  type  and  size  of  the  structures.  For  power  installations,  a  variable 
annual  maintenance  and  operation  charge  of  SOTO  per  kilowatt  of  de¬ 
pendable  capacity  was  used. 

111.  RAILROAD  AND  HIGHWAY  RELOCATION-The  relocation  of 
railroads  and  highways  is  a  very  important  item  in  the  costs  of  most  of 
the  reservoirs  investigated.  In  some  cases,  it  was  found  impracticable 
to  relocate  railroads  out  of  the  reservoirs  without  increasing  the  grades. 
In  such  cases,  the  estimated  annual  increases  in  operating  and  mainten¬ 
ance  expenses  were  capitalized,  and  the  capitalized  costs  included  in 
the  estimated  costs  of  the  projects. 
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(Bulletins  in  this  series  are  not  available  for  free  distribution.  Send  orders, 
with  remittance,  to  Engineering  Experiment  Station,  State  College,  Pa.) 

No.  2 —Proceedings  of  the  First  Industrial  Electrical  Heating  Conference. 

1927.  Ill  pages.  50  cents. 

No.  5— Proceedings  of  the  First  and  Second  Oil  Rower  Conferences.  1927, 

1928.  216  pages.  Seventy-five  cents. 

No.  12 —Proceedings  of  the  Fourth  Oil  Power  Conference.  1980.  807  pages. 
One  dollar. 

No.  18— Proceedings  of  the  Seventh  Oil  Power  Conference  (Lubrication 
Engineering).  1938.  173  pages.  Seventy-five  cents. 

No.  20— Proceedings  of  the  Eighth  Oil  Power  Conference.  1934.  Seventv- 
five  cents. 

No.  21—  Proceedings  of  the  Second  Industrial  Heating  Conference.  1929.  122 
pages.  Fifty  cents. 

No.  27— Proceedings  of  the  Hydrology  Conference,  June  30  to  July  2.  1941. 
at  State  College,  Pa.  $2.00. 

No.  28— Proceedings  of  the  23rd  Annual  Industrial  Conference,  Oct.  16,  17, 
18,  1946.  $1.00. 

No.  30— Proceedings  of  the  Conference  on  Administration  of  Research,  held 
at  The  Pennsylvania  State  College  in  September  1948.  $3.00. 

Available  Publications  of  the  Engineering  Experiment  Station 
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(Bulletins  in  this  series  are  free  to  residents  of  Pennsylvania) 

Bulletin  N  o.  31—  A  New  Application  of  the  Induction  Motor  to  Signaling 
Devices,  by  P.  X.  Rice.  1924.  25  pages.  Fifty  cents. 

Bulletin  No.  32— Heat  Transmission  and  Efficiency  in  Steam  Boiler  l  ubes, 
by  E.  A.  Fessenden.  1924.  48  pages.  Fifty  cents. 

Bulletin  No.  S3— An  Investigation  of  Certain  Methods  for  Testing  Heat 
Insulators  (containing  Bibliography) ,  by  E.  F.  Grundhofer.  1925.  72  pages. 
Twenty-five  cents. 

Bulletin  No.  34— Tests  of  Household  Fuel  Savers  and  the  Economical  Use 
of  Coal,  by  F.  G.  Hechler.  1925.  35  pages.  Twenty-five  cents. 

Bulletin  No.  So— The  Tangent  Method  of  Analysis  for  Indicator  Cards  of 
Internal  Combustion  Engines,  by  P.  H.  Schweitzer.  1936.  136  pages.  Seventv- 
five  cents. 
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Bulletin  No.  37— Heat  Flow  Meters  and  Thermal  Conductivity  Measure¬ 
ments,  by  F.  G.  Hechler  and  E.  R.  Queer.  1930.  60  pages.  Fifty  cents. 

Bulletin  No.  38 -Non-Sinusoidal  Voltages  and  Currents  in  Polyphase  Elec¬ 
trical  Circuits  and  Apparatus,  by  L.  A.  Doggett.  1930.  42  pages.  Fifty  cents. 

Bulletin  No.  41  —Reduction  of  Bacteria  in  the  Open  and  Closed  Filters,  by 
Andrew  B.  Ormsby.  1932.  23  pages.  Twenty-five  cents. 

Bulletin  No.  42— Investigation  of  Journal  Bearing  Performance .  by  E.  M. 
Barber  and  C.  C.  Davenport.  1933.  64  pages.  Fifty  cents. 

Bulletin  No.  43— Influence  of  Neighboring  Structures  on  the  Wind  Pressure 
on  Tall  Buildings,  by  C.  L.  Harris.  1934.  Fifty  cents. 

Bulletin  No.  44— Performance  Tests  of  Lubricating  Oils  in  Automobile  En¬ 
gines,  by  H.  A.  Everett  and  F.  C.  Stewart.  1935.  (Reprinted  1939).  52  pages 
and  22  charts.  One  dollar. 

Bulletin  No.  45— The  Development  of  Diesel  Fuel  Testing,  by  T.  B.  Hetzel. 
1936.  61  pages.  Fifty  cents. 

Bulletin  No.  46— Penetration  of  Oil  Sprays,  by  P.  H.  Schweitzer.  1937.  78 
pages.  Seventy-five  cents. 

Bulletin  No.  47— Ignition-Quality  Rating  of  Diesel  Fuels  by  Commercial 
Engines,  by  Jasper  S.  Chandler.  1939.  82  pages.  Seventy-five  cents. 

Bulletin  No.  48— A  Laboratory  Method  for  Evaluating  the  Influence  of  Lub¬ 
ricating  Oils  on  Carbon  Deposition  in  Internal-Combustion  Engines,  by  H. 
A.  Everett  and  G.  H.  Keller.  1939.  Fifty  cents. 

Bulletin  No.  49 —Highzvay  Investigations  by  Means  of  Induced  Vibrations, 
by  R.  Iv.  Bernhard.  1939.  29  pages.  Fifty  cents. 

Bulletin  No.  50 —Seivice  Performance  of  Eight  Lubricating  Oils  in  Auto¬ 
mobile  Engines,  by  H.  A.  Everett  and  G.  H.  Keller.  1940.  37  pages.  Fifty  cents. 

Bulletin  No.  51—  Experiments  on  Jerk-Pump  Injection,  by  K.  J.  Dejuhasz. 
1940.  57  pages.  Seventy-five  cents. 

Bulletin  No.  52— Design  of  Shading  Coils  for  Alternating-Current  Electro¬ 
magnets,  by  Leonard  A.  Doggett  and  Franz  S.  Veith.  1940.  24  pages.  Fifty  cents. 

Bulletin  No.  53— A  Study  of  Lumber  and  Plywood  Joints  with  Metal  Split- 
Ring  Connectors,  by  E.  G.  Stern.  1940.  One  dollar. 

Bulletin  No.  54 -Oxygen-Boosting  of  Diesel  Engines  for  Take-Off,  by  P.  H. 
Schweitzer  and  E.  R.  Klinge.  1941.  Fifty  cents. 

Bulletin  No.  55— Radiation  From  Curved  High-Frequency  Conductors,  by 
Everard  M.  Williams.  1942.  Fifty  cents. 

Bulletin  No.  57— Lubrication  Systems  for  High  Altitude  Aircraft,  by  P.  H. 
Schweitzer  and  David  J.  Gildea.  1948.  $1.00. 

Bulletin  No.  58— A  Unified  Method  for  the  Calculation  of  Some  Capaci¬ 
tances,  by  Eric  A.  Walker,  Jack  R.  Mentzer.  1948.  SI. 00. 

Bulletin  No.  59— Susquehanna  River  Valley  Improvements,  bv  Leonard  A. 
Doggett.  1949.  $1.00. 


RESEARCH:  SCHOOL  OF  ENGINEERING 


Research  in  the  School  of  Engineering  is  administered  by  two 
departments:  the  Engineering  Experiment  Station  and  the  Ord¬ 
nance  Research  Laboratory. 

The  Engineering  Experiment  Station  was  established  by  an  act 
of  the  Board  of  Trustees  of  the  College  in  1908  to  serve  industry 
and  the  public  by  investigation  and  research  along  scientific  and 
technical  lines  and  by  training  of  graduate  students  as  research 
workers. 

The  full-time  staff  and  the  facilities  of  the  Station  are  devoted 
exclusively  to  research  work  and  graduate  study;  the  Station  acts 
also  as  the  co-ordinating  agency  of  the  School  of  Engineering  and 
administers  research  projects  conducted  by  all  departments  of  the 
School.  In  fulfillment  of  the  obligation  of  service  to  the  public,  re¬ 
sults  of  investigations  of  general  public  interest  are  published  in 
research  and  technical  bulletins  or  in  technical  and  scientific  journ¬ 
als. 

In  1946  the  Board  of  Trustees  authorized  the  Engineering  Ex¬ 
periment  Station  to  organize  the  Division  of  Industrial  Reference. 
This  division  acts  in  a  liaison  capacity  between  the  Experiment 
Station  and  the  manufacturing  and  power  industries  of  the  Com¬ 
monwealth,  particularly  smaller  industries  not  having  their  own 
research  facilities,  whose  work  is  related  to  that  of  the  several  de¬ 
partments  of  the  School  of  Engineering. 

The  Ordnance  Research  Laboratory,  established  in  1945,  is  de¬ 
voted  primarily  to  the  service  of  the  United  States  Navy  and  deals 
with  special  projects  relating  to  underwater  ordnance.  However, 
under  certain  conditions,  research  may  be  undertaken  in  service 
to  industry. 


